Introduction

37
One of the most important nutritional factors for successful fish reproduction, and among the 38 most studied, is the fatty acid arachidonic acid (20:4n-6, ARA) [1] [2] [3] [4] [5] [6] . Arachidonic acid is the 39 main precursor for production of 2-series prostaglandins (PGs) [7, 8] , which stimulate ovarian 40 and testicular steroidogenesis, triggering oocyte maturation in females and milt production in 41 males, and are involved in female sexual behaviour [9] [10] [11] [12] [13] . Arachidonic acid itself and its 42 metabolites regulate cholesterol (CHOL) transfer from the outer to inner mitochondrial 43 membrane where the P450 enzyme resides to initiate steroid hormone synthesis [11, 14] .
44
Moreover, ARA had differential effects on steroid biosynthesis. Although it stimulates 45 testosterone production by elevating cAMP levels in a dose-dependent manner, ARA at high 46 doses can also inhibit steroidogenesis by affecting the availability of CHOL [11, 15] . 
Tissue RNA Extraction and Quantitative Real-Time (qRT-PCR)
131
In order to study the expression of fatty acyl desaturase (d4fad) and elongase (elovl5) in liver,
132
which is the main metabolic organ where LC-PUFA biosynthesis occurs, total RNA was 133 extracted by organic solvent (Tri-reagent), according to the manufacturer's instructions (Ambion, 134 Applied Biosystems). RNA quality and quantity were assessed by gel electrophoresis and 135 spectrophotometry (NanoDrop ND-1000, Thermo Scientific, Wilmington, USA), respectively.
136
One microgram of total RNA per sample was reverse-transcribed into cDNA using a Verso™ 137 cDNA kit (ABgene, Surrey, UK), following the manufacturer's instructions, using a mixture of 138 random hexamers and anchored oligo-dT (3:1, v/v). The cDNA was then diluted 50-fold with 139 water, after a similar amount of cDNA was pooled from all samples. The expression levels of 140 d4fad and elovl5 transcripts were determined by real-time quantitative (qRT-PCR) and 141 normalized using ubiquitin (UBQ) and ribosomal protein S4 (RPS4) expression.using primers 142 described previously by Morais et al. [45] and normalized using ubiquitin (UBQ) and ribosomal 143 protein S4 (RPS4) [52] . Details of the primers used can be found in Table 3 . The amplification 144 efficiency of the primer pairs was assessed using serial dilutions of cDNA pooled from the 145 samples. All amplifications were carried out in duplicate using an Eppendorf qPCR Cycler
146
(Stanford) in a final volume of 20 μl containing 2 μl (for reference genes) or 5 μl (for d4fad and 147 elovl5) diluted cDNA (1/50), 0.5 μM of each primer and 10 μl of AbsoluteTM qPCR SYBR®
148
Green mix (ABgene). Every amplification experiment also included non-template controls 149 (NTC). The RT-qPCR profiles contained an initial activation step at 95°C for 15 min, followed 150 by 35 cycles: 15 s at 95°C, 15 s at the specific primer pair annealing Tm ( 
Results
173
After 9 months of feeding the experimental diets the weight of females increased 1.8-fold (from 174 533 ± 13g to 950 ± 25g, SGR = 0.20% day -1 ) whereas weights of males increased 1.5-fold, (from 175 515 ± 16g to 755 ± 25g, SGR = 0.13% day -1 ), with a feed conversion ratio of 1.3 ± 0.04. No 176 significant differences were noted among the six experimental groups in either growth or feed 177 conversion. 
Fatty acid composition of tissues
179
The total fatty acid compositions of the different male and female tissues are shown in Tables 4-180 9. All the tissues analyzed showed a significant accumulation of ARA in a dose dependent 181 manner. Thus, in testis the fish in groups C, D, E and F showed a significantly higher ARA 182 content compared to the control group A, particularly group F which had 13% ARA, 2.7-fold 183 higher than group A with 5% ARA. In the ovary, fish from group F showed a 3.2-fold higher
184
ARA content than group A, whereas groups B, C, D and E did not show significant differences 185 compared to A. The liver of the fish from groups fed diets C, D, E and F had higher ARA levels 186 than control diet A both in males and females. Additionally, males from group B also had 187 significantly higher liver ARA than those from group A, while in females there were no 188 significant differences. The muscle of male fish from groups C, D, E and F showed significantly 189 higher ARA levels than those from group A, whereas in females only those from groups E and F
190
had significantly higher ARA levels than group A.
191
In the case of 22:4n-6 and 22:5n-6 contents, fish fed the six experimental diets showed a dose 192 dependent and significant increase in testis (Table 4) and liver (Table 6 ) of male fish, whereas no 193 differences could be found in females, although a similar trend was observed but with much 194 smaller differences (Table 5 and 7) . The relative level of 22:4n-6 in testis was significantly
195
higher in groups B (2.2-fold), C (4.2-fold), D (4.5-fold), E (6.1-fold) and F (8.1-fold) compared
196
with the lowest levels found in the control group A (0.2% TFA) ( Table 4 ). The 22:5n-6 content 197 in testis was also higher in groups C (1.5-fold), D (1.8-fold), E (2.2-fold) and F (2.4-fold)
198 compared with the control group A (0.4% TFA). The 22:4n-6 levels in the liver of males were 199 also significantly higher in groups E (7.1-fold) and F (9.5-fold) compared to control group A
200
(0.1% TFA), while 22:5n-6 was 5-fold higher in group F compared with group A (0.2% TFA) 201 (Table 6 ).
202
As a consequence of the increasing ARA levels, the EPA/ARA ratio was significantly reduced in 203 similar dose-dependent manner in gonads (Tables 4 and 5) , liver (Tables 6 and 7 ) and muscle
204
( Tables 8 and 9 ) of both males and females. The increase of ARA in gonad, liver and muscle of 205 males resulted in a concomitant significant increase in total n-6 PUFA whereas a significant 206 reduction in total n-3 PUFA was only observed in testis. The tissue ARA levels in the present study were compared those of wild broodstock reported 209 previously [17] , and different results were obtained depending on the tissue (Fig. 1) . In gonads
210
ARA was significantly higher in males compared with females however in liver and muscle no between the experimental groups and wild fish were observed. ARA content in liver (males and 216 females) from groups A and B were significantly lower than the wild group. However, groups C,
217
D, E and F showed no differences compared to the wild group. In muscle of males the ARA 218 levels in all the fish groups were significantly lower compared to wild fish, and the same as in 219 females from groups A, B, C and D. However, females from groups E and F showed similar 220 ARA levels to that found in the wild. 
Elongase and desaturase gene expression (RT-qPCR)
222
The expression of d4fad and elovl5 increased in a dose dependent manner in fish fed diets C and
223
F in comparison to the control (A) treatment, but only in males (Fig. 2) . Levels of d4fad 224 transcripts were significantly higher in the liver of male fish from groups C (3.2-fold) and F (6.8-225 fold). On the other hand, expression of elovl5 increased significantly in group F, being 5.3-fold 226 higher than in group A, but not in group C (1.8-fold increase). and liver of G1 fish in groups C and D. Thus, the ARA accumulation in the muscle was lower 255 than in the self-feeding experiment, except for females of groups E and F. Considering that the 256 self-feeding experiment was conducted for 16 months and the present study lasted only 9 257 months, optimal dietary ARA level seems to be dependent on the duration of the feeding period.
258
If fish are fed for a period shorter than nine months it might be appropriate to use at least 3.2%
259
ARA in the diet. For longer feeding periods, 2.3% ARA in the diet might be sufficient for
260
Senegalese sole G1, such that no differences in ARA content could be found in the testis and 261 ovary of the G1 fish compared to wild fish, or fish in the self-feeding experiment. 
266
Previous studies on ARA requirements for broodstock fish showed that the optimal dietary level 267 is species-specific, with higher or lower ARA levels producing detrimental effects in 268 reproductive physiology [2] [3] [4] 11, 12, 15, 30, 60] . A significant increase in the production of steroids 269 was observed in Senegalese sole males fed 3.2% ARA [32] , and the highest egg production was the present study suggests that dietary levels between 2.3% and 3.2%, depending on the duration 281 of the feeding, might improve the reproductive performance of Senegalese sole G1.
282
The results obtained in the present study also showed that dietary ARA was preferentially 283 transferred to and accumulated in the gonads (testis and ovary), followed by the liver and 595  596  597  598  599  600  601  602  603  604  605  606  607  608  609  610  611  612  613  614  615  616  617  618 (A, B, C, D, E and F) 18:0 1.8 ± 0.9 2.4 ± 0.9 2.6 ± 0.7 2.6 ± 0.6 3.0 ± 0. 18:1n-9 15.0 ± 1.3 15.7 ± 2.4 16.9 ± 1.9 15.9 ± 2.0 15.1 ± 2.7 15.7 ± 0.6
18:1n-7 1.2 ± 2.0 0.9 ± 1.6 1.0 ± 1.7 0.8 ± 1.4 0.8 ± 1.4 1.0 ± 1.7
20:1n-9 7.2 ± 1.5 7.1 ± 0.3 7.2 ± 1.1 6.3 ± 0.5 6.9 ± 0.7 6.6 ± 0.4
22:1n-9 3.5 ± 6.0 3.9 ± 6.7 2.9 ± 5.0 3.0 ± 5.2 3.9 ± 6.7 2.9 ± 5.1 22:5n-3, DPA 1.6 ± 0.4 3.0 ± 2.3 2.0 ± 1.0 2.3 ± 1.3 4.6 ± 5.7 2.0 ± 0.9 22:6n-3, DHA 14.4 ± 2.0 13.0 ± 2.1 11.3 ± 2.5 13.0 ± 1.6 11.1 ± 0.6 11.3 ± 2.3
Total n-3 PUFA 39.0 ± 11.0 37.1 ± 0.7 33.4 ± 2.9 35.8 ± 2.1 34.3 ± 1.9 31.5 ± 1.4
Total PUFA 48.3 ± 11. Fatty acid composition (%TFA) 14:0 0.7 ± 0.1 0.6 ± 0.1 0.9 ± 0.1 0.7 ± 0.1 0.6 ± 0.1 0.6 ± 0.1 16:0 17.8 ± 0.9 17.8 ± 0.6 18.9 ± 0.6 19.8 ± 0.4 17.7 ± 1.1 19.0 ± 0.9 18:0 7.0 ± 0.5 6.4 ± 0.4 6.3 ± 0.8 6.7 ± 0.7 6.8 ± 0.6 6.4 ± 0.3
Total SFA 26.3 ± 0.8 26.3 ± 1.7 26.9 ± 1.2 28.0 ± 0.8 25.4 ± 1.7 26.5 ± 0.9
16:1n-7 3.3 ± 0.4 2.6 ± 0.1 3.2 ± 0.4 3.2 ± 0.3 2.4 ± 0.3 3.6 ± 0.3 18:1n-9 15.8 ± 1.4 14.2 ± 1.6 15.1 ± 1.8 14.9 ± 0.6 13.0 ± 1.0 17.3 ± 1.2 18:1n-7 6.1 ± 1.7 6.5 ± 0.6 6.7 ± 0.7 5.2 ± 1.5 7.4 ± 0.6 6.0 ± 1.6 20:1n-9 1.9 ± 0.3 1.7 ± 0.4 1.8 ± 0. Total SFA 25.5 ± 0.9 28.1 ± 2.9 25.3 ± 1.1 24.5 ± 1.4 24.9 ± 1.0 27.4 ± 0.2 16:1n-7 5.3 ± 0.5 4.8 ± 0.7 4.6 ± 0.6 6.2 ± 0.4 5.0 ± 0.2 4.6 ± 0.7
18:1n-9 16.5 ± 1.1 14.9 ± 1.0 15.7 ± 1.3 13.3 ± 2.8 14.9 ± 0.8 16.2 ± 0.8
18:1n-7 3.8 ± 0.4 3.8 ± 0.3 4.4 ± 0.7 3.1 ± 0.1 3.8 ± 0.4 3.3 ± 1.1 20:1n-9 2.9 ± 0.3 2.5 ± 0.5 2.6 ± 0.5 2.9 ± 0.2 3.1 ± 0.3 2.6 ± 0.4
22:1n-9 1.6 ± 0.3 1.8 ± 0.2 1.8 ± 0.6 1.6 ± 0.2 1.4 ± 0.5 1.4 ± 0.4
Total MUFA 30.7 ± 1.4 26.6 ± 2.1 28.9 ± 1.8 25.1 ± 2.7 28.4 ± 1.1 27.4 ± 1.2
18:2n-6 7.8 ± 0.4 8.4 ± 0.4 7.1 ± 0.7 7.9 ± 0.5 7.1 ± 0. 
665
Abbreviations as in Table 4 . Fatty acid composition (%TFA) 14:0 3.9 ± 0.7 2.8 ± 0.8 3.8 ± 0.5 2.2 ± 1.1 2.9 ± 0.7 3.4 ± 0.7 16:0 19.9 ± 0.4 17.8 ± 0.8 18.6 ± 0.5 19.4 ± 1.2 16.6 ± 0.9 16.7 ± 1.5 18:0 3.7 ± 0.7 3.5 ± 0.5 2.7 ± 0.2 2.5 ± 0.4 2.5 ± 0.3 3.0 ± 0.3
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Total SFA 28.8 ± 1.1 24.8 ± 1.0 25.7 ± 1.1 24.4 ± 1.7 22.5 ± 1.1 23.5 ± 2.3
16:1n-7 7.3 ± 0.6 6.5 ± 1.0 8.8 ± 0.5 7.4 ± 0.4 6.2 ± 0.7 6.1 ± 1.7
18:1n-9 20.9 ± 1.3 17.1 ± 2.2 21.9 ± 1.3 21.1 ± 1.4 18.3 ± 1.0 20.4 ± 1.2
18:1n-7 3.7 ± 0.0 3.3 ± 0.3 3.6 ± 0.3 3.8 ± 0.1 3.3 ± 0.2 3.5 ± 0.9 20:1n-9 3.5 ± 0.6 3.2 ± 0.7 3.7 ± 0.4 3.8 ± 0.6 3.8 ± 0.4 2.7 ± 0.3 22:1n-9 3.0 ± 0.4 2.9 ± 0.4 2.9 ± 0.5 3.1 ± 0.8 3.4 ± 0.6 2.8 ± 0.4
Total MUFA 29.9 ± 5.8 30.7 ± 3.8 40.5 ± 2.6 45.8 ± 4.5 33.7 ± 2.1 33.7 ± 2.0
18:2n-6 6.7 ± 0.5 6.7 ± 1.0 6.4 ± 0.5 6.8 ± 0.7 7.9 ± 0.4 7.5 ± 0.4 20:4n-6, ARA 0.5 ± 0.1 d
